The present study investigated the role of IL-10 produced by the mesangial cells in postnephrectomy compensatory renal growth and the effect of the immunomodulator AS101 on this process. 140 unilateral nephrectomized and sham operated male Sprague Dawley rats were treated by AS101 or PBS before and after surgery. The results show that secretion of IL-10 and TGFby mesangial cells isolated from the remaining kidneys were increased significantly, compared to those of control and sham animals. Moreover, TGF-secretion by mesangial cells was increased after the addition of exogenous recombinant IL-10 and inhibited in the presence of neutralizing anti IL-10 antibodies. In vivo, compensatory growth of the remaining kidneys was associated with significant increase in IL-10 content in renal tissues and plasma. Immunohistochemical studies show that IL-10 was produced by mesangial cells.
Introduction
IL-2, and a colony-stimulated growth factor (43, 44) . Furthermore, in a murine model of septic peritonitis, AS101 was recently shown to prevent kidney damage of septic mice (19) .
In addition, AS101 was recently shown to decrease the spontaneous production of IL-10 by peripheral blood mononuclear cells (PBMC), both in vitro and in vivo, in patients with systemic lupus erythematosus (SLE). Moreover AS101 treatment of NZB/WF1 mice that spontaneously develop SLE, or of SCID mice injected with PBMC from human SLE patients, delays the appearance of autoimmune manifestations. These benefits of AS101 include reduced immune complex deposition in the glomeruli, prevention of glomerular hypercellularity and mesangial expansion, and decreased proteinuria (18) . AS101 administration to rats with Thy1 induced glomerulonephritis extensively decreased glomerular mesangial cell expansion and protein excretion (20) . In addition, AS101 through its inhibitory effect on IL-10 negative regulates expression of GDNF, an autocrine mesangial cells growth factor. This growth factor plays an important role in the pathogenesis of rat mesangioproliferative glomerulonephritis (21) .
The aims of the present study were to investigate: (1) whether mesangial cells have a role in compensatory renal growth through IL-10 secretion; (2) the possibility of interrelationships between IL-10 and TGF-production by the mesangial cells; (3) the influence of inhibition of IL-10 and TGF-by the immunomodulator AS101 on the development of compensatory tubular cell hypertrophy of the remaining kidneys.
Materials and Methods

Animals
Male Sprague-Dawley rats, each eight weeks old and weighing approximately 180 g, were purchased from Harlan Laboratories, Israel. All experiments were conducted according to the National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Experimental Design
Rats underwent either right nephrectomy or sham nephrectomy (sham) under 1.5% halothane anesthesia (Rhodia, Bristol, UK). A total of 140 rats were used for in vitro and in vivo studies. In the in vitro studies, mesangial cells were separated from 5 control rats, which did not undergo nephrectomy, 5 sham, and 10 Nx rats.
In the in vivo studies, a total of 120 rats were divided in four groups: Reach confluent cell at second -fourth passages were used for in vitro studies. For the ELISA assay, mesangial cells were replaced in 24 well plates. Before stimulation, cells were starved for 24h with RPMI-1640 contained D-Valine supplemented with 0.1% FCS and 100 U/ml penicillin, 100 µg/ml streptomycin, and 100 µg/ml neomycin.
Evaluation of IL-10 and TGF-Production by Cultured Mesangial Cells
Mesangial cells isolated from the kidneys of control, sham and Nx rats were stimulated with/without 10µg/ml LPS derived from Escherihia coli 026B6 (Sigma), in order to increase IL-10 production by them, and/or with AS101, recombinant rat IL-10, neutralizing anti IL-10 Ab (R&D Systems) at different concentrations. Following stimulation the supernatants were collected. Cells from each well were scraped, lyzed and protein content was measured.
Concentrations of IL-10 and TGF-in the plasma and mesangial cell supernatants were estimated using a cytokine-specific ELISA kits (Endogen, Boston, MA, USA). In order to assess the total TGF-levels in the mesangial cell supernatants, all of TGF-sample content was converts to the active forms, according to the manufacturer protocol (R&D Systems).
Cytokine production by mesangial cells was calculated as cytokine concentration in the supernatant per 10µg of protein content.
Plasma procurement
Control, sham or Nx rats were anesthetized using 1.5% halothane anesthesia. Blood samples were taken from the heart using a single-use syringe washed with 5000 units/ml Heparin Sodium. All rats were then immediately sacrificed. Blood samples were replaced in 15ml sterile test tubes and centrifuged for 15min at 3000 rpm. Plasma sample from each animal was passed through 0.2µm syringe filter (Millitech Israel LTD). Plasma samples were stored at -20 o C.
Western Blot Analysis
Kidney cortices were separated from medulla, cut into small pieces, passed through a 200-µm stainless steel mesh, and washed twice with ice-cold PBS (pH = 7.4). After being subjected to hypotonic shock, cell lysates were prepared by incubation for 20 min on ice with 200 µl of ice-cold lysis buffer (1% Triton X-100, 50 mM Hepes pH = 7.2, 150 mM NaCl, 1.5 mM MgCl 2 , 1 mM EGTA, 1 mM PMSF, 1 mM sodium orthovanadate, 10% glycerol, 30 mM NaF, 10 µg/ml leupeptin, and 10 µg/ml aprotinin) (Sigma, St Louis, MO, USA). These lysates were then centrifuged at 4 o C for 10 min at 14,000 rpm. Protein concentration in the lysates was measured by DC-protein assay (Bio-Rad). For electrophoresis, equal concentrations of proteins from each kidney were loaded per lane and separated on 10%
Tris HCl ready gels (Bio-Rad). Proteins were transferred to nitrocellulose membranes and probed with appropriate antibodies. Proteins were visualized by ECL according to the instructions of the manufacturer (Amersham, Buckinghamshire, UK). Nonspecific binding was blocked by incubation for 1h with a blocking buffer (5% low-fat milk, 5% fetal calf serum, 10 mM Tris pH = 7.5, 0.1% Tween-20, 100 mM NaCl) (Sigma).
Immunohistochemistry
Kidney samples were dissected, immediately embedded in OCT (Tissuetek), oriented, and frozen in liquid N 2. Sections (10-12 µm) were collected on Gold+ slides ( Menzel-Glaser) in a Leica cryostat microtome, air dried at RT for 1h, and processed for immunohistochemistry.
The dried sections were fixed for 5 min at room temperature in freshly prepared 4%
paraformaldehyde (PFA) in PBS, washed with TBS and several changes of PBS. Sections then were incubated with a rabbit polyclonal anti-rat Thy-1.1 antibodies (1:50) for 1.5h, 
Image Processing
Staining was visualized using a Olympus BX51 fluorescent microscope and a rhodamine, FITC, and DAPI filter set. The images were collected with the digital cooled CCD SPOT camera (RT Slider SPOT, Diagnostic Instruments, Inc.) and processed with Photoshop 7.0 (Adobe), and printed on a dye sublimation printer (Kodak).
DNA determination
Kidneys were pulverized and kept frozen in liquid nitrogen until analysis. DNA was extracted using Tri Reagent (Sigma) according to the manufacturer protocol. In brief, one ml of Tri Reagent was added to 70-100 mg renal tissues and centrifuged at 12000g for 15 min at 
Morphometric Analysis
Tissues were fixed in 4% buffered formalin and embedded in paraffin. Sections (3 µm thick) were stained with hematoxylin and eosin. Morphometric analyses were performed with a computerized microscopy using the Image Pro Media (Cyber Metics) program.
Sections from each kidney were evaluated by two independent observers blinded to the 
Statistical Analysis
Statistical analyses were performed using the Analysis of Variances (ANOVA) with
Bonferroni correction for multiple comparisons. Values are expressed as means ± standard deviation (SD). Correlation was calculated using Pearson's correlation test. A value of P < 0.05 was considered statistically significant.
Results
IL-10 and TGF-Production by Cultured Mesangial Cells
IL-10 and TGF-concentrations in the mesangial cell supernatants were significantly higher following stimulation with LPS 10µg/ml, as compared to the basal levels ( Figure 1 
Effect of IL-10 on TGF-Production by Mesangial Cells
In order to examine the effect of IL-10 on TGF-production, mesangial cells were isolated from control (non-operated) rats and were stimulated with LPS in the presence of recombinant rat IL-10 or neutralizing anti IL-10 antibodies. The addition of rat IL-10 to LPSstimulated cultures of mesangial cells increased TGF-production in a dose-dependent manner ( Figure 2a ). IL-10 at 100 ng/ml increased TGF-production about 2 folds (from the most effective. Furthermore, TGF-production by LPS-stimulated mesangial cells was reduced almost to the basal levels (486 ± 58 pg/10µg protein) when neutralizing anti IL-10 antibodies at 0.1µg/ml and 1µg/ml concentrations were added to the cultures (Figure 2b ).
These results indicate that IL-10 regulates the production of TGF-.
Effect of AS101 on IL-10 Production by Cultured Mesangial Cells
In order to examine the influence of AS101 on IL-10 production, mesangial cells were isolated from kidneys of control, sham and Nx rats. Mesangial cells were either nonstimulated or stimulated for 24h with LPS 10µg/ml and AS101 at various concentrations. As shown in figure 3 , IL-10 levels in the supernatants of all experimental groups were reduced in a dose-dependent manner following the addition of AS101. Thus, the present data show that AS101 inhibits IL-10 production by LPS-stimulated mesangial cells.
Effect of AS101 on TGF-Production by Mesangial Cells
The addition of AS101 to cultures of non-stimulated mesangial cells did not affect TGFlevels ( Figure 4 ). This suggests that AS101 had no direct effect on TGF-production by mesangial cells.
Incubation of LPS-stimulated mesangial cells with AS101 resulted in about 2 to 3 fold reduction in the amounts of TGF-. The addition of 100ng/ml of recombinant rat IL-10 to the cultures neutralized the effect of AS101 on TGF-secretion. Thus, AS101 inhibits TGFsecretion by mesangial cells through its inhibitory effect on IL-10. Figure 5 demonstrates that 24h following operation, the IL-10 plasma levels of Nx rats were significantly higher than in sham rats (214 ± 65 pg/ml vs 48 ± 18 pg/ml respectively, P<0.001). From 48h after unilateral nephrectomy, IL-10 levels gradually decreased to the basal value and remained constant for four weeks.
Plasma IL-10 Levels
AS101 treatment decreased high IL-10 plasma concentrations in Nx rats but did not affect normal IL-10 levels. In sham rats, slight elevation of IL-10 content in plasma after 24h (to 48 ± 18 pg/ml, P<0.05) was found, and, at this time, AS101 decreased IL-10 content in plasma to 22 ± 16 pg/ml. From 48h to 4 weeks, IL-10 concentrations in the plasma of sham rats were normal and unchanged following AS101 treatment. Thus, Nx induces a transient marked elevation in IL-10 plasma content and this increase was down-regulated by AS101.
Plasma TGF-Levels
TGF-plasma concentrations ( Figure 6 ) were reduced 24h after unilateral nephrectomy (29 ± 4 ng/ml), as compared to those in non-operated rats (40 ± 4 ng/ml), P<0.05. Forty eight hours following unilateral nephrectomy, TGF-levels gradually increased (44 ± 9 ng/ml at 48h, 49 ± 4 ng/ml at 72h), and peaked at 1week post-nephrectomy (56 ± 4 pg/ml), P<0.05.
Following this period, the levels of TGF-gradually returned to normal. AS101 treatment reduced significantly the levels of TGF-from 24h to 1 week. TGF-levels in the plasma of sham rats treated or untreated with AS101 did not change significantly, as compared to normal levels in each time period. Thus, Nx resulted in temporary increase in TGF-plasma levels and this increase occurred sequentially to the rize in IL-10 levels.
IL-10 Expression in Renal Tissues
IL-10 expression in the remaining kidney cortices razed up within 24h following unilateral nephrectomy ( Figure 7 ) and returned to basal levels following one week postnephrectomy. A second and smaller elevation of IL-10 two weeks after nephrectomy was detected. Treatment with AS101 significantly reduced IL-10 at 24h -72h and 2 weeks. These changes in IL-10 tissue content were not observed in sham rats untreated and treated with AS101. Thus, these data show that IL-10 expression in the renal tissues peak at 24h postnephrectomy in parallel to the rise of plasma levels.
In order to clarify the exact source of renal IL-10 production, we examine the cryosections from kidneys of sham rats and a remaining kidney from Nx rats ( Figure 9 shows that TGF-levels in the remaining kidneys were reduced within the first 24h compared to sham rats. The rise in TGF-expression in the remaining kidney tissues started at 72h and peaked at 1 week after surgery. This expression was followed by a reduction to the basal levels after 2 to 4 weeks. The elevated TGF-expression was reduced by AS101, which did not affect normal TGF-levels. Sham operation did not influence TGFexpression in the kidneys of the PBS or AS101-treated rats. Thus the expression of TGF-in the renal tissues was correlated positively with plasma TGF-levels. Table 1 depicts the morphometric data for the experimental kidneys. Two weeks after Nx, the mean fresh weight of the single kidneys from PBS-treated rats was 2 fold higher than the fresh weight of kidneys from sham rats (1245 ± 76 mg compared to 640 ± 55 mg, P < 0.01). The weight of single kidneys from AS101-treated rats was about 25% lower than the weight in PBS-injected Nx rats. The weight gain of the remaining kidneys after AS101 treatment was 456 ±18 mg, as compared to 605 ± 21 mg in PBS treated rats.
TGF-Expression in the Renal Tissues
Morphological and Morphometric Characteristics of the Experimental Kidneys.
The fractional kidney weight (FKW) in PBS-injected rats 2 weeks after Nx was significantly greater than in sham rats (0.51 ± 0.02% compared to 0.33 ± 0.02%, P < 0.01). After treatment with AS101, the FKW in the Nx rats (0.47 ± 0.02%) was less than the weight in PBS-treated rats (P < 0.05).
The protein/DNA ratio, was increased significantly in the remaining kidneys, as compared to sham. Furthermore, the protein/DNA ratio of kidneys from AS101-treated rats was reduced significantly as compared to PBS-treated rats.
The mean glomerular surface area (GA) and the mean number of intraglomerular cells (GC)
were unchanged after unilateral nephrectomy, but both GA and GC were significantly reduced by AS101 treatment. The mean proximal (PTCA) and distal (DTCA) tubular cell areas, as expected increased after Nx. AS101 treatment resulted in a significant reduction in treatment of sham rats had no effect on the morphological and morphometric parameters.
Thus, unilateral nephrectomy lead to increase in kidney weight, FKW ratio, protein/DNA ratio, and the proximal and distal tubular cell areas, and these changes were partially inhibited by AS101 treatment.
Discussion
The However, IL-10 apparently has no significant effect on tubular cells (7, 13, 35) . In the next step we studied the effect of AS101 on CRG. It has been found that AS101
inhibits IL-10 production by cultured mesangial cells isolated from either normal, sham or remaining kidneys in a dose-dependent manner. In addition, it has been shown that AS101 also reduced the TGF-contents in the mesangial cell supernatants in parallel with a reduction in IL-10. However, in the absence of IL-10 secretion, AS101 does not affect TGFlevels. Indeed in cultured mesangial cells isolated from normal kidneys, while the amounts of IL-10 were less than detectable levels, AS101 did not reduced the expression of TGF-.
These observations provided evidence that AS101 has no direct effect on TGF-secretion, and that AS101 inhibits TGF-production by cultured mesangial cells through its inhibitory effect on IL-10. AS101 treatment to Nx rats results in a reduction in IL-10 content in plasma and in the remaining kidney at the initial phase of compensatory renal growth. This reduction was followed by a decrease in TGF-content in the renal tissues and plasma. These events resulted in a 20%-25% reduction in the weight of the remaining kidney and fractional kidney weight ratio, and significantly decreased hypertrophy of proximal and distal tubular cells Mesangial cells isolated from kidneys of normal (control), sham and Nx rats were incubated with LPS (10µg/ml) and AS101 at 1µg/ml, 2.5µg/ml, and 5µg/ml for 24h. IL-10 concentrations in the supernatants were measured using a cytokine specific ELISA kits and Kidneys were isolated from control, sham and Nx rats treated by PBS (-) or AS101 (+).
Protein lysates (50 µg) were loaded per lane and separated on 10% Tris-HCL ready gels.
Proteins were transferred to nitrocellulose membranes and probed with polyclonal rabbit anti-TGF-(1:800) primary and anti-rabbit HRP-conjugated (1:10000) secondary antibodies.
The results show one representative experiment of three that were performed. # -% of decrease -differences between 1 versus 2 in percent; 1 was assessed as differences between absolute levels of parameter of Nx-PBS-treated rats and Sham-PBS-treated rats. 2 -was assessed as differences between absolute levels of parameter of Nx-AS101-treated rats and Sham-AS101-treated rats.
* -P<0.05 compared to sham rats, ** -P<0.05 compared to sham and PBS-treated unilaterally nephrectomized rats.
